This paper employs a Kalman filter approach to test the Expectations Hypothesis and characterize how term premia have changed over time for short-term Canadian interest rates. The Kalman filter approach is extended to account for changes in interest rate volatility, possible permanent changes in term premia, and overlapping forecast errors. The Expectations Hypothesis is strongly rejected with estimated term premia displaying significant time variation. There is some evidence of a positive relationship between term premia and interest rate volatility, although other macroeconomic and political factors are important, especially exchange rate volatility. Also, estimated term premia were actually negative during the late 1980s.
I. Introduction
Broadly speaking, the Expectations Hypothesis is the idea that financial market expectations determine the shape of the term structure of interest rates. Modern studies of the hypothesis, beginning with Shiller (1979) , have focused on a rational expectations formulation that allows for constant term premia. An implication of this formulation is that forward interest rates should be unbiased (up to constant term premia) predictors of future spot interest rates. Using standard linear regression tests, many empirical studies statistically reject forward rate unbiasedness for postwar US interest rates, although the evidence for other time periods and other countries, including for postwar Canadian interest rates, is more mixed.
1 Cook and Hahn (1990) and Shiller (1990) provide excellent surveys of the literature.
This study pursues an alternative to the standard linear regression tests of forward rate unbiasedness in order to investigate the relevance of the Expectations Hypothesis to short-term Canadian interest rates. In particular, the Kalman filter is employed to extract unobserved term premia from excess forward returns (forward rates minus future realized spot rates) under an identifying assumption of rational expectations. Then, if the estimated term premia vary significantly over time, one can reject the Expectations Hypothesis. Iyer (1997) applies a similar approach to short-term US interest rates and rejects the Expectations Hypothesis. An earlier study by Wolff (1987) employs the same general approach to test for time-varying risk premia in forward exchange rates.
There are two reasons why the Kalman filter approach is considered. First, the few existing studies of short-term Canadian interest rates use traditional linear regression methods to test the Expectations Hypothesis and have produced strongly conflicting results. In particular, Paquette and Stre´liski (1998) find supportive evidence for forward rate unbiasedness, while Gravelle et al. (1999) and Hejazi et al. (2000) reject it. The Kalman filter approach provides a new perspective on the issue. Second, given a failure of the Expectations Hypothesis, the Kalman filter approach allows us to estimate how term premia have evolved over time without prior specification of which factors cause term premia to change. This feature may be particularly useful for investigating short-term Canadian interest rates since they are likely affected by factors, such as political climate, that can be difficult to proxy with observables.
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This feature also helps us answer interesting questions about the relative importance of time-varying term premia in the determination of the shape of the term structure, the extent to which changes in term premia can be explained by changes in interest rate volatility and other economic and political factors, whether term premia were ever negative, and whether term premia behave similarly across the term structure. Ultimately, this characterization of term premia is every bit as important as simply determining whether the Expectations Hypothesis fails.
In order to address some specific issues that arise with the Canadian data, we extend the Kalman filter approach used in Wolff (1987) and Iyer (1997) . First, we account for possible changes in interest rate volatility in the estimation of term premia. In particular, we assume a mixture of Normals distribution for market forecast errors. This specification appears to capture the behaviour of Canadian interest rates. It also allows one to test for interaction between term premia and interest rate volatility. Second, alternative time series specifications are considered for the unobserved term premia, including a random walk specification that accommodates the possibility of permanent changes in Canadian term premia. Allowing for permanent changes may be appropriate since Gravelle et al. (1999) find evidence of a unit root in Canadian term premia using the same data employed here. Third, overlapping market forecast errors are accommodated in the unobserved components models of excess forward returns used to estimate term premia. This last extension allows one examine the behaviour of term premia on actual observed forward contracts with settlement dates of more than one period in the future, rather than just the one-period-ahead case considered in previous Kalman filter studies. In this way, one is able to investigate a sizeable portion of the short end of the Canadian term structure.
The main findings can be summarized as follows. First, the Expectations Hypothesis is rejected for every forward horizon considered. The rejection is both statistically robust and economically relevant. Second, evidence is found that interest rate volatility has a positive effect on term premia, although it is clear that other macroeconomic and political factors are also important, especially exchange rate volatility. Third, the estimated term premia were actually negative during the late 1980s. This finding is notable because it potentially supports Modigliani and Sutch's (1966) 'preferred habitat' view of market preferences, although it could equally well reflect the presence of a 'peso problem' arising from a change in Canadian monetary policy regimes at that time. Either way, it should be noted that the rejection of the Expectations Hypothesis does not depend on the inclusion of data from the late 1980s in estimation.
The rest of the paper is organized as follows. Section II presents the model used to test the Expectations Hypothesis. Section III describes the data and presents the empirical results. Section IV concludes.
II. Model
Background Let f t, j denote a forward interest rate set in period t with cash settlement in period t þ j. The lower case notation denotes a continuously compounded yield. Conceptually, a forward rate can always be decomposed as follows:
where E t ½r tþj is the conditional market expectation of the j-period-ahead spot rate given information available in period t and t, j is a residual premium on the forward contract, which is referred to as the 'term premium' because of its association with the term-to-settlement.
Subtracting the future realized spot rate from both sides of Equation 1 produces the following decomposition of a j-period excess forward return, denoted x tþj, j f t, j À r tþj :
where u tþj E t ½r tþj À r tþj is a j-period market forecast error. The Expectations Hypothesis can be thought of in terms of the restrictions it imposes on the two unobserved components of an excess forward return given in Equation 2. First, the term premium component is assumed to remain constant over time:
This assumption corresponds to the idea that changes in market expectations are responsible for all changes in the shape of the term structure. Second, the market forecast errors are assumed to be uncorrelated with prior information:
where the E t ½: operator refers to both the conditional market expectation and the mathematical expectation given a correctly specified conditional probability distribution. This assumption corresponds to the idea that financial market expectations are rational in the sense of Muth (1961) . One testable implication of the Expectations Hypothesis is forward rate unbiasedness. In particular, if forward rates are unbiased predictors of future spot rates, excess forward returns should not be predictable on the basis of predetermined information. Conversely, if term premia are time varying or market expectations are biased, excess forward returns should be predictable using forward rates or forward premia (forward rates minus current spot rates) since they embed both term premia and market expectations. Thus, a standard way to test the Expectations Hypothesis is to employ linear regression techniques to determine whether excess forward returns are predictable using forward rates or forward premia. In principle, any other predetermined variable can also be considered in analysis. However, data mining concerns and an axiomatic view of rational expectations tend to limit researchers to consider only factors that might plausibly affect term premia, such as conditional variances of financial and macroeconomic variables. In terms of the previous regression studies of shortterm Canadian term premia, Paquette and Stre´liski (1998) Cavanagh et al. (1995) , standard t-tests and F-tests of predictability will suffer huge size biases, while accounting for such biases can eliminate any of their power. This issue appears to be less relevant for the Kalman filter approach since, as discussed below, it is found that the rejection of the Expectations Hypothesis is robust to different assumptions about the time series properties of the term premium component of forward rates and forward premia. Second, the standard regression approach requires identification of factors affecting term premia using observables. Meanwhile, it is highly plausible that term premia are affected by factors, such as political climate, that are difficult to proxy with observables. The Kalman filter approach allows us to estimate how term premia have evolved over time without any prior specification of such factors. In particular, we can fully characterize the behaviour of term premia, even if we do not directly identify the reasons for any changes. Third, under the rational expectations assumption, which implies predictable variation in excess forward returns reflects only changes in term premia, the standard regression approach does not account for the implied restrictions on the autocorrelation structure of excess forward returns. Meanwhile, the Kalman filter approach takes these implied restrictions into 4 Technically, Gravelle et al. (1999) use a cointegration approach with a normalizing coefficient on the forward rate equal to one in the cointegrating vector for forward and spot rates. However, their approach is directly related to a regression of the spot rate on the forward rate. 5 Lee (1995) takes a similar approach for the US data. account, leading to potentially more refined estimates of term premia. 6 While the Kalman filter approach does not require prior specification of the factors that might cause term premia to change over time, it does require time series specifications for the unobserved components of excess forward returns. In particular, these specifications must satisfy the rational expectations assumption given in Equation 4 and they must nest the constant term premium assumption given in Equation 3. The various model specifications considered in this paper are presented next.
Model specifications
A total of four different specifications for the unobserved term premium are considered in Equation 2. These four specifications are labelled 'constant', 'nonstationary', 'stationary', and 'stationary/regimeswitching', respectively. The first three specifications are used to test the Expectations Hypothesis. The fourth specification is used to examine the interaction between term premia and changes in interest rate volatility. First, for the 'constant' specification, the term premium is assumed to be invariant over time, as in Equation 3. Second, for the 'nonstationary' specification, the term premium is assumed to follow a driftless random walk:
where v t $ i:i:d: Nð0, 2 v Þ and the limiting case 2 v ¼ 0 corresponds to the 'constant' specification. Third, for the 'stationary' specification, the term premium is assumed to follow a stationary first-order autoregressive (AR) process:
where is less than one in absolute value. Fourth, for the 'stationary/regime-switching' specification, the term premium is assumed to follow an AR(1) process with a regime switching intercept:
where S tþj is a regime indicator variable that takes on values 0 or 1 depending on which interest rate volatility regime prevails in period t þ j. The assumption that the current term premium depends on the future realized volatility regime, not its conditional expectation, should be seen as an approximation that is related to the finding in the next section of an independent switching specification for interest rate volatility. If volatility follows an independent switching process, conditional volatility will actually be constant and should not have a time-varying impact on the term premium. However, if in Equation 7 is positive, it suggests that for agents the true conditional volatility is not constant, but at the same time it is not dependent on past volatility. That is, it implies that spikes in interest rate volatility are not persistent, but they can be (at least partially) predicted by economic agents. Given the finding in the next section that spikes in volatility often relate to fiscal concerns that build up over time and result in crises that cause interest rates to fluctuate wildly, it seems reasonable to assume that agents have some knowledge that crises will occur, if not literally the exact month in which they will occur, as is assumed in the specification in Equation 7. 7 Empirically, the approximation in Equation 7 appears to work well as a way to capture what agents expect, while maintaining a specification that is consitent with the data in that it implies no persistence in interest rate volatility.
The decision to consider both stationary and nonstationary specifications warrants some further discussion. In terms of which specification is more appropriate, the relevant issue is not whether term premia are bounded and mean reverting. Instead, what is potentially relevant is the degree of mean reversion -i.e. the relative importance of permanent and transitory shocks to term premia. Given the short time span of the data set (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) , the authors of the present study remain agnostic about this issue. On the one hand, they consider the nonstationary specification to accommodate the possibility that permanent shocks dominate. The findings in Evans and Lewis (1994) and Gravelle et al. (1999) on cointegration between spot and forward interest rates support this specification. Meanwhile, the random walk assumption represents a parsimonious way to allow for permanent shocks while being robust to misspecification as long as the true dynamics are persistent. 6 This point is motivated by the discussion in Nelson and Plosser (1982) of the implied restrictions on the autocorrelation function of the first differences of a random walk plus uncorrelated noise. In particular, the first differences should have an MA(1) structure, but the autocorrelation at lag one is bound between À0.5 and 0. Maximum likelihood estimates for a univariate reduced-form MA(1) model of the first differences need not account for or even satisfy this restriction. By contrast, Kalman filter estimates for the random walk plus uncorrelated noise model will account for and satisfy this restriction. 7 As an example, consider a political event like a constitutional referendum that has implications for future fiscal conditions. The timing of the referendum will be known in advance, although the outcome may not be known with certainty. Thus, agents can expect that when the outcome of the referendum is resolved, there will be a spike in interest rate volatility. 8 See Garbade (1977) for an early Monte Carlo investigation of the consequences of misspecification. Also, the random walk assumption is more conservative than the stationary AR(1) assumption -or, for that matter, any other higher order AR( p) assumption, with or without a unit root -in attributing higher frequency movements in excess forward returns to term premia. Thus, it potentially provides the most convincing rejection of the Expectations Hypothesis. On the other hand, the stationary specification is considered to accommodate the possibility that term premia are strongly mean reverting. If this is the case, the estimates given an AR(1) assumption will more accurately reflect the true term premia. Also, the stationary specification allows one to directly examine the transitory effects of interest rate volatility on the levels of the term premia.
For the specification of the market forecast error term in Equation 2, a ( j À 1)th-order moving average (MA) process with an independent switching variance is considered:
where
and
Following convention, the MA coefficients are normalized to imply that ðLÞ À1 exists. S tþj ¼ 0 is also normalized to correspond to the low volatility regime (i.e. 2 0 < 2 1 ). Thus, Equations 10-12 imply that e tþj is drawn from a low variance distribution with probability q and a high variance distribution with probability 1 À q, where q is independent of past regimes or other prior information. As discussed in Morley (1999) , the MA( j À 1) specification follows from the assumptions that all market forecast errors are serially uncorrelated with a mixture of Normals distribution and that forecast errors for the different future spot rates r tþ1 , r tþ2 , . . . , r tþj are contemporaneously correlated.
For estimation, the study casts the various specifications of the model given by Equations 2, 9-12 and 3, 5-7, respectively, into state-space form and use a specialized version of Kim's (1994) filter and maximum likelihood methods. 9 Kim's filter allows for regime switching in a state-space framework by combining the Kalman filter with Hamilton's (1989) filter for Markov-switching models. 10 The study specializes the filter to the more restrictive case of independent switching. See the appendix for details.
III. Empirical Results

Data
The data used are end-of-the-month closing yields on Canadian 90-day Bankers' Acceptances and j-periodahead forward rate agreements ( j ¼ 1, . . . , 9 months) on the Bankers' Acceptances from the Bank of Canada's data files. Paquette and Stre´liski (1998) provide a thorough description of the data. The excess forward return series are constructed by taking the difference between the continuously compounded yield on a forward rate agreement and the subsequent realized continuously compounded yield on the underlying Bankers' Acceptance and multiplying by 100 to obtain percentages. The data set contains a total of 119 observations for each forward horizon, covering the period of August 1988 to June 1998.
There are four reasons why this data set is interesting. First, the existence of explicit forward contracts with settlement dates up to nine months in the future allows us to investigate a sizeable portion of the term structure. Second, the question of whether the Expectations Hypothesis holds for this data set is particularly relevant given the use of interest rates on three-month commercial paper in measuring the short-term orientation of Canadian monetary conditions. 11 Third, the time period covered contains dramatic changes in factors, such as political climate, that are difficult to proxy with observables, but might affect term premia. Fourth, it is the same data set used in Paquette and Stre´liski (1998) and Gravelle et al. (1999) , allowing for direct comparison of the results. Figure 1 displays the excess forward return series. Consistent with the MA(j À 1) implication discussed above, the series appear to become more persistent as the forward horizon increases. The series also appear to be subject to a few unusually large transitory shocks. Indeed, the Jarque and Bera (1980) test of Normality based on the third and fourth sample moments confirm this observation. The test statistic for the one-month-ahead returns is 739.80, which given a 2 ð2Þ distribution under the null of Normality is quite significant. Table 1 presents estimates for three specifications of excess forward return volatility for one-month-ahead returns.
12 Testing the null hypothesis of a constant variance against the alternative of independent switching produces a likelihood ratio statistic of 59.14. Even though the distribution is nonstandard since the probability q is not identified under the null hypothesis (Hansen, 1992; Garcia, 1998; Dufour and Luger, 1999) , this test statistic far exceeds the asymptotic critical values reported in Garcia (1998) for more complicated alternative hypotheses.
13 Importantly, the independent switching specification, which captures a very simple form of stochastic volatility, addresses the failure of Normality reported above. The Jarque and Bera (1980) statistic for the standardized returns in the presence of independent switching is only 3.36, with a corresponding p-value of 0.19.
14 At the same time, there are no lingering ARCH effects in the standardized returns. In particular, ARCH-LM statistics calculated as T Á R 2 for a regression of the standardized returns on k lags of the standardized returns for k ¼ 1, 4, and 12 are 1.21, 7.19, and 14.32, respectively. Given 2 ðkÞ distributions, the corresponding p-values are 0.27, 0.13, and 0.28, respectively. Meanwhile, the likelihood ratio 12 The implied MA structure of the multi-period returns makes it easiest to focus only on one-month-ahead returns when considering volatility specifications for the underlying forecast errors. 13 For a Markov-switching mean and variance alternative, Garcia (1998) reports a 1% asymptotic critical value of 17.52. 14 The standardized returns are not observed, but are estimated using maximum likelihood estimates and inferences about the probability of each regime. test for the null of independent switching against the alternative of Markov switching, which should have a standard distribution, is only 0.12, with a corresponding p-value of 0.73. Therefore, independent switching is used to capture changes in excess forward return volatility. Table 2 reports log-likelihood values for the four term premium specifications and the nine forward rate horizons. The results provide clear evidence against the Expectations Hypothesis. For instance, using the nonstationary specification as the alternative, the implied likelihood ratio statistics for the null hypothesis H 0 : 2 v ¼ 0 range from 8.38 for the eightmonth-ahead case to as much as 24.08 for the one-month-ahead case. Given a 2 ð1Þ distribution, these statistics are all significant at better than a 1% level. Furthermore, it has long been argued (Kendell and Stuart, 1973 ) that using a 2 ð1Þ distribution for this particular test actually understates the true significance due to a bunching of the probability mass towards the origin under the null hypothesis. Therefore, the evidence against the Expectations Hypothesis is even stronger than standard p-values would suggest.
Testing the expectations hypothesis
The failure of the Expectations Hypothesis is also evident from a graphical inspection of the estimated time-varying term premia. Figure 2 displays the smoothed inferences about the term premia for the nonstationary specification and the nine forward rate horizons. Figure 3 displays the smoothed inferences about the term premia for the stationary specification and the nine forward rate horizons. 15 In both cases, there is significant variation in the term premia. Furthermore, the inferences are robust to the two specifications, implying that the main findings do not hinge upon a strong assumption about the degree of mean reversion. Meanwhile, the implied likelihood ratio statistics for the null of the random walk against the alternative of the AR(1) range from 4.50 for the four-month-ahead case to 7.25 for the eight-monthahead case. While these are significant by conventional standards, they are likely to be affected by the bias discussed in Dickey and Fuller (1981) . Therefore, one avoids drawing any strong conclusions on whether or not term premia are stationary.
A statistical rejection always begs the question of whether the rejection is economically relevant. An attempt is made to answer this question for the Expectations Hypothesis by estimating the relative importance of time-varying term premia in the determination of the shape of the term structure. Consider the following decomposition of a forward premium, denoted ' t, j f t, j À r t , which we obtain by subtracting the current spot rate from both sides of Equation 1:
Under the Expectations Hypothesis, the term premium is constant over time, implying that all variation in the forward premium is due to changes in market expectations. Conversely, the economic relevance of the failure of the Expectations Hypothesis can be gauged by comparing the estimated variation of forward premia to the estimated variation of term premia. Table 3 reports the results of such a comparison using the standard deviations of innovations to forward premia and nonstationary term premia. At all horizons, time-varying term premia explain a sizeable portion of the variation in forward premia, ranging from about 25% for the one-month-ahead case to over 80% for the five-month-ahead case. These results provide strong support for the idea that the failure of the Expectations Hypothesis is 15 The smoothed (two-sided) inferences represent point estimates and 95% confidence bands conditional on all available sample information. In every case, the smoothed inferences were similar to the filtered (one-sided) inferences, which are conditional on information up to time t only. The smoothed inferences are reported because they tend to better reflect the estimated degree of variability. For instance, they would remain constant if the estimated variance were zero. Notes: The data are one-month-ahead excess forward returns from August 1988 to June 1998. Standard errors are reported in parentheses. For the Markov-switching specification, the parameter q represents the probability of remaining in the low variance regime, while p represents the probability of remaining in the high variance regime.
economically relevant. They also motivate one to further investigate the behaviour of the estimated term premia.
Term premia and interest rate volatility
A particularly noticeable feature of Figs. 2 and 3 is that estimated term premia peak around the same time that excess forward returns appear most volatile in Fig. 1 . Using the stationary/regime-switching specification for the term premium, the study formally investigates whether there is any interaction between term premia and interest rate volatility. The approach can be thought of as an alternative to Engle et al.'s (1987) ARCH-in-mean model that relates term premia to the conditional variance of . Row 1 displays term premia on one-, two-, and three-monthahead forward rate agreements, respectively. Row 2 displays term premia on four-, five-, and six-month-ahead forward rate agreements, respectively. Row 3 displays term premia on seven-, eight-and nine-month-ahead forward rate agreements, respectively. Term premia are assumed to follow a random walk. Notes: Log-likelihood values are from filter output. For the nonstationary specification, term premia are assumed to follow a random walk. For the stationary specification, term premia are assumed to follow a stationary AR (1) process. For the stationary/regime-switching specification, term premia are assumed to follow a stationary AR (1) process with switching intercept.
excess holding returns. Hejazi et al. (2000) apply the ARCH-in-mean approach to Canadian data and find that conditional variances of Canadian macroeconomic and financial variables, including excess holding returns themselves, play little or no role in predicting term premia. 16 One possible explanation for their result is that the ARCH specification does not capture the sudden changes in volatility that characterize the Canadian data. Of course, with less persistence comes less reason to expect any interaction between volatility and term premia. Table 4 reports estimates for the stationary/ regime-switching specification for the one-month, two-month, and four-month forward horizons. The results in Table 2 suggest that the regime switching intercepts are only significant for these three horizons. In particular, the implied likelihood ratio statistics for the null hypothesis H 0 : ¼ 0 are 3.25 for one-month-ahead case, with a p-value of 0.07, 3.76 for the two-month-ahead case, with a p-value of 0.05, and 2.88 for the four-month-ahead case, with a p-value of 0.09. Note that these statistics should have a standard distribution since the MA errors are regime switching under both competing hypotheses. In each case, interest rate volatility has a large positive effect on the level of the term premium, as in Engle et al. (1987) . Specifically, the estimates in Table 4 imply that a transition from a low volatility regime to a high volatility regime corresponds to an increase in the intercept for the three term premia by 25, 55, and 48 basis points, respectively. 16 Interestingly, Hejazi et al. (2000) find that the conditional variances of US macroeconomic variables help predict Canadian term premia. Sample period is from August 1988 to June 1998. Row 1 displays term premia on one-, two-, and three-month-ahead forward rate agreements, respectively. Row 2 displays term premia on four-, five-, and six-month-ahead forward rate agreements, respectively. Row 3 displays term premia on seven-, eight-, and nine-month-ahead forward rate agreements, respectively. Term premia are assumed to follow a stationary AR(1) process. Notes: Standard deviations are expressed in percentage terms. Forward premia statistics are calculated using the first differences of the constructed series ' t, j f t, j À r t . The term premia statistics are the maximum likelihood point estimates for the nonstationary specification. Figure 4 plots smoothed inferences about the term premium for the stationary/regime-switching specification and the one-month forward horizon against the probability of being in a high volatility regime. The purpose of this figure is to demonstrate the timing of the relationship between interest rate volatility and the term premium. For instance, there is a clustering of high volatility episodes in the middle of the sample coinciding with the period in which the estimated term premium was highest. Meanwhile, the absence of such volatile episodes at the end of the sample corresponds to a decline in the term premium. Very similar results are found for the two-monthahead and the four-month-ahead cases.
Political and economic events and other macroeconomic factors
An interesting question is whether the high volatility episodes in Fig. 4 have any correspondence to political and economic events that have impacted Canadian financial markets. Table 5 lists the events corresponding to the high volatility episodes displayed in Fig. 4 . The table draws heavily from Clinton and Zelmer (1997) and Zelmer (1996) , who provide a detailed list of political and economic events that have affected the Canadian/US exchange rate. The events range from market confusion over monetary policy signals, Standard and Poor' downgrading of Canadian sovereign debt, the failure of a national referendum on a constitutional amendment, market concerns over fiscal policy, and the December 1994 Mexican crisis that closely preceded international attention to Canada's fiscal situation when the Wall Street Journal ran the headline 'Bankrupt Canada?'
The nature of these events confirms our claim that many of the factors impacting term premia are difficult to proxy with observables. However, it is also clear from the estimates of v in Table 4 that most of the variation of term premia is due to factors other than the specific events listed in Table 5 . While it is possible that these other factors are also difficult to proxy with observables, it is considered whether some of the macroeconomic fundamentals examined in Lee (1995) and Hejazi et al. (2000) have explanatory power for the behaviour of the estimated term premia. Lee (1995) considers a number of variables including the conditional volatilities of US industrial production and M1 as determinants of US term premia. Hejazi et al. (2000) examine Canadian term premia using variables including the conditional volatilities of both Canadian and US industrial production and M1 and the Canada/US exchange rate. Table 6 reports estimates of GARCH(1,1) conditional volatility processes for the Canada/US exchange rate, Canadian (monthly) GDP, US M1, and US industrial production, where the GARCH model of conditional volatility h has the form:
where i ¼ ex, yCAN, mUS, yUS for the four series, respectively, and " i, t denotes the residual from the regression of the first differences of the logarithms of each series on a constant. The data are monthly and cover the sample period of August 1988 to June 1998. The exchange rate and Canadian GDP are from the Bank of Canada's data files and the US data are from the St. Louis Federal Reserve database. Canadian M1 is not included as preliminary analysis . The term premium is on a one-month-ahead forward rate agreement and is assumed to follow a stationary AR(1) process with switching intercept. The letters denote events listed in Table 5 . revealed no evidence of heteroscedasticity over the sample period. The estimates in Table 6 are used to construct estimates of conditional volatilities. To be consistent with the analysis in Lee (1995) and Hejazi et al. (2000) , the time t term premium on the time t conditional expectation of volatility is regressed at time t þ 1. That is, the following model is considered:
where, to be consistent (under the null that the i are zero) with the stationary specification for the term premia, " t is allowed to have first-order serial correlation:
where " Table 7 reports the results of OLS regression of (15) and (16) for the same three cases considered in Table 4 (the stationary/regime-switching specification for the one-month, two-month, and four-month forward horizons). For each horizon, regressions with and without dummy variables are considered for events A to G that are listed in Table 5 . Of the macroeconomic fundamentals, only exchange rate volatility is significant at the 5% level for the onemonth and two-month horizons. Furthermore, for the one-month horizon, it is only significant when the dummy variables for the events listed in Table 5 are excluded. That is, these events seem highly correlated with exchange rate volatility. The signs for the US fundamentals are generally, although not always, positive. Interestingly, the sign for the volatility of Canadian GDP is always negative, although the estimate is always highly insignificant, which is consistent with Hejazi et al.'s (2000) findings for Canadian Industrial Production.
Overall, the conclusion from these regression results is that political and economic events and macroeconomic fundamentals, especially exchange rate volatility, appear to play some role in determining term premia for short-term Canadian interest rates, but other factors that are difficult to proxy with observables are also important. The importance of unobservable factors justifies the Kalman filter approach as a way to characterize term premia when it is not possible to identify all of the specific factors driving them.
Negative term premia
Perhaps the most surprising feature of Figs. 2 and 3 is that the estimated term premia were negative in the early part of the sample. This finding, while clearly not statistically significant according to the 95% confidence bands, provides a serious challenge to the traditional view dating back to Lutz (1940) that term premia are always positive and increasing with maturity. Instead, it appears to support the Clinton and Zelmer (1997) . Table 6 . GARCH(1,1) estimates of macroeconomic fundamentals alternative view of Modigliani and Sutch (1966) that individuals can have different preferred investment horizons, or 'habitats', leading to the possibility of negative term premia in the event that market participants have a stronger preference for lending at longer horizons and borrowing at shorter horizons. Of course, an alternative explanation for the findings is a possible small sample failure of the assumption underlying our identification of the term premia that market forecast errors are unbiased.
17 This possibility is particularly relevant for Canadian interest rates given the circumstances surrounding the Bank of Canada's monetary policy in the late 1980s and early 1990s. Notably, in his 1988 Hanson Lecture, the then Governor of the Bank of Canada, John Crow, signaled a shift in policy emphasis toward price stability. This new stance culminated with the formal introduction of inflation reduction targets in February 1991. A plausible scenario, then, is that prior to the formal announcement of targets, financial markets were uncertain about the Bank of Canada's commitment to its new stance. Thus, when the Bank of Canada initially raised interest rates before the targets were introduced, market participants may have anticipated a reversal of the Bank's position. The fact that the Bank did not reverse its position may have resulted in biased forecast errors as market participants repeatedly expected interest rates to fall when they subsequently did not.
This situation can be thought of as an example of the so-called 'peso problem '. 18 Specifically, suppose market participants believed that there was a significant probability of a future return to a more expansionary policy regime. Then, given that there was no return to this regime within the observed sample, expectations would appear irrational even though they were not.
19 Meanwhile, our methodology would incorrectly attribute the small sample bias in the forecast errors to the term premia. Thus, the true term premia might have been positive during this early period even though our inferences suggest otherwise. It is only for the later period of our 17 Another possible explanation is that, in the absence of strict Normality, the Kalman filter calculates a projection rather than a conditional expectation. Thus, the projection could be negative when the conditonal expectation is positive. However, two considerations argue against this explanation. First, unconditional Normality appears to hold reasonably well during the beginning of the sample when the estimated term premia are negative. Second, the filtered (one-sided) inferences also imply negative term premia during the beginning of the sample, which suggests that the negative estimates are not being unduly influenced by estimates from the periods in which unconditional Normality does fail due to independent switching. 18 See Bekaert et al. (1997) for a discussion of the 'peso problem' and the Expectations Hypothesis. 19 Of course, market expectations may have actually been irrational. Froot (1989) uses US survey data to show that market expectations as measured from the surveys are consistently biased, especially at short maturities. However, there are a number of problems with using survey data to measure 'the' market expectation. Notes: The data are (i) stationary with regime switching term premia for one-, two-, and four-month-ahead forward contracts, (ii) conditional volatilities based on Table 6 , and (iii) dummy variables for events A through G listed in sample, when the Bank of Canada's inflation fighting credibility was fully established, that can be more confident in assuming that the inferences reflect the true term premia. However, it should be emphasized that, when the first two years are dropped from estimation, it is found that the likelihood ratio statistics were somewhat smaller, but still significant at conventional levels.
IV. Conclusions
The results in this paper suggest that the Expectations Hypothesis can be rejected for short-term Canadian interest rates. The rejection is both statistically significant and economically relevant. Furthermore, the results shed new light on the extent to which changes in term premia can be explained by changes in political and economic factors and whether term premia were ever negative. On the first issue, we find that interest rate has some explanatory power and is related to other macroeconomic and political factors, but a large portion of the variation of term premia is due to other unobservable factors. On the second issue, we find that estimated term premia were actually negative during the late 1980s. However, the results and methodology leave open the question of whether the finding of negative term premia is a consequence of changes in 'preferred habitats' or the presence of a 'peso problem.' Two other important issues that are not resolved in this paper are the extent to which term premia are mean reverting and the adequacy of the single factor representation of term premia at different maturities assumed in Tzavalis and Wickens (1997) . On these issues, one only finds that the main results are robust to different assumptions about mean reversion and that the term premia in Figs. 2 and 3 behave similarly across the term structure. It is likely that estimation of term premia in a panel, rather than equation by equation, could shed additional light on these issues. However, this task is left for future research.
